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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
growing a crystal, by which a good quality compound 
semiconductor crystal thin film can be formed even when 
a substrate which has not been hitherto used because of 
its lattice mismatch or the difference in the 
coefficients of thermal expansion is used, and to 
provide a compound semiconductor device utilizing the 
method. 

SOLUTION: In the crystal growth method for the 
compound semiconductor, a compound semiconductor 
206 constituted of an element contained in an amorphous 
film 202 and an element contained in a raw material 204 
supplied is grown on a first substrate 201 by preparing 
a second substrate by forming the amorphous film 202 
containing at least one element constituting the 
compound semiconductor 206 on the first substrate 201 , 
then preparing a third substrate by arranging areas 203 
where the probability of nucleation of the compound 
semiconductor crystal is high on the amorphous film 202 
on the surface of the second substrate, and supplying 



the raw material 204 containing an element which is not 
contained in the amorphous film 202 and constituting the 
compound semiconductor 206 onto the third substrate. 
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<7)^«201 ±H-ft^**#206 * mfe-t £tc* £ 1 o Jil 
±^-tf^ B a B K)^202*ffMtT^2^^**^L. «2 
OS«3EiBO^a S)^202±tZf <D®#£ 
±?t$<O&v^J£203£EgLT$g3<D£«£{1n&U * 
B B B KBi202[--g-t ttifc < T.&-3ffc^iN*fl£206*««-r 
* i 1Sts®M2QA * J»30|£«± U ft» L , MKI 

* t X-mWL S it* ffr&»**#206* *1 <0*R2Q1 ±1- 
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1 

[3#i*fitr*<ofSH] 

xm t . mt&nmiz&iti* < x&^mit&m*mw 

* a* t t«* s ft * «fl:*» t »i «> awLh t: 

j£fti-4X«fc £*"f 4 £ t Zftmt-fZ it&fo¥&1$ 

im*m 2 ] fiffcT * 5 - ■> ^ (A IN) 0|g B B a «;«ST-* 
of, ^10^«±(Z, ffS100nm£lToa'ffcvU3>* 
B B B R)ii*fMLT»2cO»«*f^i-4ISi:, I£^2C0 

mmm<»wm.\Vs y ? >#ftK«LtuAiN«a<o«i& 

£it * <0 iS v»*« * @Sa L T »3<7) £ ffcffi-t 4 Iff 
fc , R*30*«±KAI **tr«C*l-*ft*fr L.TAIN«r*1 

o««±u«fts*4iet sr*i-4 i t 

AINcomH^Sffio 
[St*«3] »**2 U8B«OAINOe*fiRftftUiJv> 
■C, mtB»1 <7>^«^ ~> a>*«-e*4.ri:*2&»fc 
1-*Aiiw>e**«&„ 

t, iweaft-> , j3>#ftRBi*3B«-r.&iea«, 1x1 

0- 3 [Tor r] <0*£ *■ * > > < - I*) t?i&te«S* £ MfrT 
4XfIT-*4^ fc *4*«t-r4AINO«f»««So 
[19*55] W*«3 ICie«cOAINcO@ B B H fiS:Sftl-ii^ 

* i r (nhs ) * h*t -e -> =» > wsl z tm-t 4 it t- 
&4 c: t *4#«t-r*A«Notta*fttto 

[fit*«6] ffi*«3 H!B*coAINco^ B B B JSftftt;iiv^ 

£ t *!|*»ti-4AIN<0»i*ftffio 
[IS#«7] ijf#«2 HE«<OAINO«f**ffiUi.*v» 

4fcli*7r-fT (Al20s)*«-C**c:fc«:1tfKi:-r* 
AIN<OttJ»Jft«fto 
[tt*«8] »#«2Kfa«OAINOf£SJ&g&tCi3V> 

W.t>ilfz>>)^> : £W.T'*>Z>ZtZ!WWLti-2>MN(D& 

[W#* 9 ] 2 A>c,R$)S 8 cov^-f n^-0(CfB 

^AiNw^aissfticij^^T, mieMft-> 'J 3 

SKXHAIN^elcD^iiS^cojesv^lS^EaLTms 
FIBU i •) Al U * <b (^Wt^XT-SftMg^T 0 

o] s*a2 75^ii*«8<7)v^*i.^-otc 
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se©<oAiNco^SBK^aici3v^r, tirseSfkv n 
B B B Kinx CAI N&fi oiSI&^ttsf v >«« £ EB L r 

-h U S: L > S «b I C m&m. Z fi 1 T 1ST- *> 4 C t 
*#»ti-*AINtf5«ift«ftffio 

u »*Ji2^<b»*58<ov»-rft^-oic 

B B B rm± tcAi m& <7>mf£&te&<7>& ^mm z l t 
m3co^«^^-r4ifi^\ i?a^-> '1 =i >^ B B B SBS 

1-4AINc0$g B |BS:fift o 

2] W*«2^«bl»*ai 10v»ril*-o 
tcfElftcoAINO^^ftffit-iJv^r, mrfB»4co*«±(c 
AI«:-S-tfiRfl-S:«»LTAIN**10*iE±UftftS«4 
X#/5 5 \ 1X10- 3 tTorr]mT<O^^+ 700 

t:JEi±utniJ* l fc*4o*«±uAi tr- a t suftr-f 4X 

e-e* 4 c t ^ # m. t -t 4 a i Nona 
20 k\z^ trmMz&&LXAiNzm-i<o&m±\zm&z-£2> 

Xm.dK 700 < CJ-JL±UAD^:L^m4cO^«X(^ Al^r^tf 
**&*i«5t*l-*rtt*M-4ie-e*4 C t *#mti-4AI 

Nco*s B B B RS:«?io 

4i*#: i ^ <b « 4 it&ya^&fomm. 

■e*>j, »»io««<oitt±»z, iS*jR2^<bSf*JIi 

^J¥$100nmJ^T<OAIN^*«tx.-Cv^ C t Z'&Wit'fZ> 

±i:« a^StCieSSO^BlffiSSlCioT, 100^ mg 
J-1T<0^:§ Sco^ B B B T*#BS;$ft4iP$50nroJ-JlTOAINR 
W0nmViT(7>mZX~mmZ1ir^2>ZtZ$fWLt-f 
4ft-^*i*#g«o 

1 6 ] 1 5 UE*Ojfc-&»**fr*«i: 

fcv^T, «rfB*"7^3g«itJi<0AINBIS-«^-r4AINSa 

4fk^#g#3£fio 
40 [Ife^opaiftBi^] 
[0001] 

^t-*ijffl$*t4fL^*«^ B i»i^ojr"Mi-affl$n 

4 0 

50 [0 0 0 2] 
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ms-sb * it&tottnmx* * *sw- a £ *> k ct , mshv. 
zmmikmmzifm-f&z t *j , zti 
it, $ t r * 4- t& a fiK«ts#f tm £ ti -c # ^ 0 m a 

If, MBE(Molecular Beam Epitaxy)£^>, MOCVD(Metal-0 
rganic Chemical VaporDeposit ion) /i^^^'f "btt-i),, 
£ftfcOJftfti£«f<0$fcftt::.fc l), GaAs**«i: LT, 6a 

as, k\ksTkvzom.M i frhte&fcm%^ : m : f-*? 7 &iby4 

T , I nGaAsP 4 TCfft A <b 4 & I — • V - 
[0 0 0 3] L*Li* f ?., *«tt*fl*a*UTV»4U 
Slftfc-otf*, *S B B B fi£:K££^&g1£<^aT-&£ 0 ft 
«\ ^«tffig-t^>*S B B B i:Ot&^^i:^?RS©:0^ 

*<o»^-5e»:fc *Ko*-*i<b fc «v»tJ«* 
*t, @ B B B <7»£S*^BgsmiciL:.*^^t9, fifcJIdt- 
*WA$*lTLi% *<Dtz#>, 

[0004] KOiii:, -ft^**^ B B B Smff^l- 
£v>T(±, aSilfH^W^fiot, fig 

[0 0 0 5] iS^, t-»Hl3tS?-ffli:Lt, +7t 

t>ft£>iXX^Z> 0 L^L£* ? £>, mmt X^XZtlbO* 
Ktt»^^lEUJ:« <*f£U 

J: »)ii5p D pRo^ B B B SM?rff^fiS:-r'i.liW* ? £-Wt $ft* 0 
SfiT-(±^^(6]fi£S^fiJffl LT«S»ii:*BOftv>» 

[0 0 0 6] 
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« £ m v» T & , AR 4 ft^^ttfMMgK * BfiKT? § 
4ii 4$S B B B fiESvi, SIM-ftSrfUffl L.Tf1*3it*fl: 

aft»#»#ojsni4»R*3BiiEi- * w t £ §ft t -r 
*><> $<bt-t±, *a4Si«*4rfflv»-c<) &k&jm&a£ 
fbw^frsiBii^fti-iwt^awfci-So Stic 

*4 «*5 x*«^&R&ftfb»¥S#sii*i&ja-r a - 
io tiEmt-t& 0 

[0 0 0 7] 

A -LieBnt>£»fiSti-&#!& 
WOfb*W#SfcO«&fij£fiffi«i, HKWl-tt, J&IO 

±?Si$50ig5 i KM L T »3C0^« £ffcfi$-t & 18 

ft-i-47C***tr*fl-*»*30*«±Utt»U, R* 
20 B B B SBil*ItC-i-tiX^7C«tKflt^i-^|^^.(;-^itt^7C 

■tz>jMt*m-rz>zt*%fWLt-tz> 0 -e-Lr, a-sph 

■efx.if , SffcT ^ $ - A (A I N) our o 
T, *1C0^1£±U, dglOOnmlilT^^tv'J n 

«3ElB<0»ajt-> U 3 >^ B B B «^-ht;AIN^ B B B cO«%i 

«2|5ojiiv»***E«L'r*3oa6«*ft«:i-4ie 

t, R*30*«±UAI«r-S-trStfKrflt»LrAINS:»1 
0^«±t-fiS:ft$-ti-4Xgi: Zm-fZ Z t Sr«F«t -r 

[0 0 0 8] ±lfiAIN<0$t B B B figS?*t;fc^ri±, JilTO 

-> >j n >#® B B B ^«4 ¥<r> -> <; n >^«r-* i) »&o - 

mm* bmm.z x-<7>mt&i> s iootmm.8t&±.i~ %zztfr 

h , *&tefi*»jJ» <b - a i«|ta § jifc«si: 

40 #3? a** * o i >t , mrESf t -> y 3 > * JiRii * 

T>*-T(NH3)^H*:TT-->V 3>3fe^* 

[0 0 0 9] HfrfE«1<7)^1S»±, ->'j3>*-/s* 

-f K(SiC)*«, i/;M7 7-f7 (AI 2 03)*«T** •) 

[0 0 10] OTBSfbv'J 3 >^ B B a R^±|-AIN^ B B B <7) 

50 isii, 3>^ssbs±ufibuj: ^Ai^it 
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li, ;«WWH:ife«^M!!i%^c 1HJ£(i\ fifkv 
U 3>l£±|;Au, Ag, Cu, Pt, Pd^O^^^^^i 

ztx\ i&z-fcvmmx&wr&z ttf&,mz> 0 
iii:, m^^m<om.i-^.mm. wn£2t*mx&m 
l tzm.it ->'J3> jm± i ■ - a i wm * u mm-tzt, 

fi-fkv"; 3>p±SrT^^U--> 3 >-t^AISfl-(i#S 

!i, fifty «; n>p^/^-^.>^LT, CagG^fNStl- 
AIN«<7)|§^5t^tjS5<1-^g|555-^Eg-r 

[0 0 11] itz, m&m4<0&1R±lZMZ<£isB.nZ 
tt»LTAIN*»10««±tz'fifeftS*4IfHi, 1X10 
- 3 [Torr]JilTO^^-v >/-c-rtf, 700*CJ.;LtlcSn*i 
Lfc*40>JK£±(=AI ^-A*Iltt4I8-e*l)# 

if L fcAl 7J^«SS±-C+^-7 ^U-ys'/Lt, 1*J 
-^AIN^ffM^tL^^co^ftr-^^o Al i&ttWmi: 
fti&LTAINfc&loafelO^ifcgS^&Ifltt, 700t: 
&±»::40j*Lfc*Mo3g«±U. Al Sr#tf#«^JR^# 

[0 0 12] jEU, ±i£§ift£;f;£1-£2t=H^<Dlt-&fe 

o T £ it tz m £ 1 0OnmWT <7>A I NH £ ft x. T v ^ C t 

[0 0 13] MtKi. ±EBttS:ai£-r4*iftWOik'&- 
%¥«#^®(±, #9*a^±Utt»Ofifktt#*ft:* 

iLhfc, ±ieo^ H B B ffigtt(CJ:oT, lOO^m'tUiLTW*: 
f? $O^Bir*#fiS:$tT-5.l¥$50rmWTOAIN8l7!i 5 \ 100rm 

[0 0 14] 

[ftffl] ±IEL^^H^(±. WT<Oi o &f1UB - EIT- 
AIN^Bl^ffM-r^AMW^*#*9«t LTEt. & 
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is, SifcAIN(±t&^&a*ift198fl?flEU Si±UiSn D n «& 
AINSmSrBft-riOlifflili: £tl.-C§:7to 
[0 0 15] £-f\ *f£ASi£«i::. Bfti-4ffc-&«* 

iHftAiHofliiSTcSt^-tf^flRii-e^sfifky v n > 

5I^100nmaLT<O)9$T-ff^-r^) O ^tr, -?"Ofifkv 
'J a >R±U, AIN^ B B B W«l&^{t$* s ±# < , E.01 
rnSS UTOfR^ 4: «ttc * 1 0^ mJ-J-TO ffl R§ TEei" 4 o 
mz.l£, FIBU.fcl), Mi^rm i W.m<r>m^.X\ 2^mf^ 

mr% fifk->u=i>±(zJt«L, 700 < cs*W.±oi B l S 
70 -c^a-r-So 7oo < cgsi-J.±oj B LST\ sikv';n> 

_h(CAI Jrft^tJ t > AINt5 ? £j££ ft -2, ^ i; ti— A8:Kfci 
«bnxv»4 (Applied Physics Letters 75, 484(1999)# 

m) 0 t<7)tctf>. Ai^fifkv'j 3>iLti=*»u 

MIt^Ctt% fifkv'J n>ILhUAINW«/h«r* 

[0 0 16] m«i B LS^700 < CJ-Jl±{;Lr. Al 

Sr^«±(-«I&L> AINO^ B B B )SS*ff ^ 0 ^«±tcflj 
^LfwAI(±ll«±tr-v"f iTU-v 3 > L, ^15^2^1)1^ 

FS-eiettsn^AiNogE^-r-AiNfg^co^ifei-r^o o 

««£*spOW»'>W55-fc&&*>lt-C**o *S B B B 
**UiJv»T<i, Si^«±l-ffML^fifkv'; 
*HrtC3»v»-7x (±EOjP<100nmJHLT-C*»), 

4) , AINC0ffM* s ^*4 tfifkv'J ^ >li*(SStlt 

4AIN^ B B B li. T«l<7)mfe B B B Si<7)fe B B B 73&U^oT, # 
^*S B B B 7fe*^oTfi!c;S75Siltf 0 $<b{-ti, AIN^ B B H 

coi&fiii, — 77«7)<F,#r-*)4M±si^«±{;Ji»$*i.^ 

50 fifk>'J3>. Oi 9AINfS B B B 0^|fi]^t>§t^$tt^ 
*, A I N^ B B B ti««JO L ttW * t'C.»USi * 

^\ is •) <0AiNffi^> <b 16^. l tzi&fr hfc&L tzms, t m 

ho 

[0 0 17] WJiO*t;«*|ftiaft»- J: i)fk-frW#*fr 

40 cr>JLmX'^bttfzWOnmlikT<r>m^^MHmi: v 7rit 
[0 0 18] J-2JLL<7)f£ffl • ^.a«i, JiE«>WJ£lM--C** 

ti, ^ffim^ B B B T-i±^v^^ ±£zyu<{ >x-m&.2 
9xmffi.<r>m.±iz, ±ie<7>gg«ssi-j:oT, 100 ^ 

50 miT<F>±& $O^B|T-«^$n4l?$50rmWTOAIN 
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[0 0 19] 

[ffeWojttfcOBS] ATI:, *ftfl54*tflttot 
*«W0jt*0JBffl*HiifUi&oTlllWi-4 0 

361* , 2-f >*<7>Si(111)2M£20l£, T-fc h 
r^n-^T-^f^, 556HF?fflKTMO&\ 40%NH4F^ 
«-C45M«Lfco :Ht, 36«20loSEliioBMI:Bl* 

oT»»LTH»»L, CO36«20lS:IIBES*U-fc^ h 
L^(H2(a)) 0 

[0020] :ofi is-na-e400t:, 2B#r^<o£y&:s^ 

X10- 9 [Torr]J^TT*900t:^205t^^31L7t:o 

3£«SK£800t:U»TS-<i\ RHEEDU iot, 
ilp^iT*** (7x7) <D/* ? - > Lfco 
[0 0 2 1 ] ^<7>f£, RF(Radio Frequency) 7° v X-r-fc 

ffl*0«l:«±1-5sccm, RF/W-fi3007 y b t Ltz 0 - 
OXg-Cfiftv V >202£50nm*t«-e# £ (H2(b)) 0 
[0 0 2 2] RFy9*^*n^i^S**£jSLfc» 

*S201USlilL, *«201 tRtELTaftv U n>202 
Sr^flEi-So ftftvUn>* ff ®ftStLTv^^4:JiRHEE 

[0 0 2 3] -f-Oft. fiftv U ^ >Bt202**«»Lfc3S 
«201*FIBgfiiZ-fc ? hU Al£l00nm£Oj£$"C. 2// 
mOBBT\ fiftv'J ^>202t5fe£U(i;Bi§L£v*J:o 

[0 0 2 4] ^<7>». S«201*Wm«BE^fi(l-t:v b 

l, *ftm-c4oot:, 3Bbo»«lio», «ft*u*A 

[0 0 2 5] -eof^ 1X10- 9 [Torr]J^T<7)JEtlTT% 8 

fcAf^ftvU n>l^202tRJSLAIN203<h&*). * ^ 
( * &/J>A IN203t &o£(02 (c) ) o 
[0 0 2 6] fOi, 5X10- 7 [Torr]O*7 7 v ? 
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A 1 204 £ #t L/: 0 : Olg 4 1 t-RHEEDv * * - > (i ffif t *> 
U a ><7)'*9->frb, AIN205<7Vn°?- XljE-ffcL-Cff 

o ( 0 2 (d) Mg) ) o - - T% 
112 ( f ) it mz (e) <0 Bf mm X $> h o 

[0 0 2 7] Zh\Z, CLOXSO«toaHriT-^»«4r 
StifcfflfcU AIOJg|tB#H£, 30&\ I^TLTK 
*}ffiL-C*®SrSEMT*tS^L7t^C^. AIN£>*Sflrt ? , $> 
10 hfrZibFmzX. Ofisf^fcAINSrt-frU. AIN*SfiO* 

*L£ (B2(o)#ffi)o 

[0 0 2 8] CO^Sll, miX, Ga?Z- K-b>-tr^ 
^^Ga<hRF-7 0 ^X^UJ:4fS14a^^^B#^^L, 0. 
5jum<DGaU*i&M Ltzt GaNOgcS40ffl*^RHEED 

tt^o 0Uli3V>-C, 10Hi^«T-*»K 102(i100nmJA 

[0029] (mz^mw) *&w<Dm2<nmMm*m 
3*m^xmw-tz> 0 jfer, 2^>^^si(m)^«3oi 

Sr. 7-tF>, 7;un-;KWI, 5J6HF^ffiT*10&\ 
H»»U BBE*«U«fey h Lfc(H3(a)o 

[0030] i»«^-C400t:. 2B#so^s* 

fi^, fO««ftSt:ftALfco Si^«30l 
* 1 X 1 0- 9 [To r r ] J^JLT -C900t; "C20^ K I^^LS L/j 0 -t O 
50 *«fflJSS:800t:H|*TS^:. RHEED(lJ:oT, iS^- 

4 H ^ffi X$> h (7x7) ^^->t»BLfco 
[0 0 3 1 ] *:<r)'ik. RFy^X-7-t;u*fflv^TiStta* 

erases tfco y^x^-t^u*i-a*^)a[*tti.5scx5 

m. RF^^-iiSOOV y Yt Ltz 0 COIgt'Iftv'J ^ 
>302*50nmitWT^^(H3(b))o RF^^X^-b^-CrS 

»*<O»ttS***lfefi301UiljaL, &moitKfc 
LTSftv U n>302«:^*i--6o ^ft~> U 3 >302**® 
40 ^^tirv^C t liRHEED^'^-Xl J: 0»ELfc o 

[0 0 3 2] *<om, fifty y zr >K302***» Lfe» 
«301C 400t:r% I^C^-V >/<-F*gT% Au303S:3^^- 

[0 0 3 3] *<T>'\&^ 1X10- 9 [Torr]W.TOJE^TT% 6 
OOTC. 20*ra^M3SL^o :OftIT% ^«L7t:Au303 
7!> r «»5:ecL. 2-3^mHR5T'S5:100nmgO^Sm304 
t4o^:(gl3(d))o 

[0034] -eo^. ^ESS i i8oo t: t c ± 

if. 5X10- 7 [Torr]<7>7^ y ^^fiU^^L/cAl 
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AIN305, 306O/N*^->(I^fttTtT < C t * S 56E 

SrSEM-eKJRLfci: »g(i£TAIN306-C«;btiT 
^*;tWofc(B3(e)-(g)) 0 03(f)(± 
[H3(e)<7>ffirH[lT-&&o 
[0 0 3 5] SfeU, iOItOHOlWi'COJStt 

«3flJLTSlB*:Sai"ei!*Lfcfc^^, AIN<D$£ B H H 305 
Mitis*)^ >^®cO^JR%304Sr4 I ^U LT, A1N*S 

«^^n^(H3(e)#BB)c 
[0 0 3 6] :<7)IIC, ScttT, Ga^^- K-k >-fc;U 

^^^O^fi^KSrffllJo^fcvl^, 1X10- 5 [l/cm2]WT 

[0 0 3 7] (*3«>lttt«) #S§9J<7>§jl3O*MW£0 
2tffl^rRWt4o 5fe-f, 2>f >^OSi(111)*«201 

H&SBU NHs ffeSt^-f >Sr*-r^MBE^gtr-t y h L 

[0 0 3 8] :ofi mfllMT*400 , C, 2B#P4<^#L31£ 
fi 1 ^ -t^»*fia^«AL7to Si^«201 
* 1 X 1 0- 8 [To r r ] £lf O "^800^ ^3055* R Ml L 
fco ^<?)f£> RHEBHl iot, *1B«B«:«»Lfci:C 
Si(1x1)0VN o * -> h^AVs') -=*><r>/*9 — >1)*fe 

[0 0 3 9] NHs £SA1-&MBE^BT-(i. 1*9 SPUN 
Hs^gLtv^^*!), $\&WLi&Mm'f2>tztfX\ S 

Qnm&TT** o (02 (b) ) 0 

[0 0 4 0] aftv'J = >K202**lS»Lfc» 

«201S:FIBS«(H: ^ hU Al £l00nm;ft <7>j£ £ T% 2^ 

[0 0 4 1 ] ^f£201 ^OlBEgiC-t y Y 

[0 0 4 2] ^Of^ 1X10- 8 [Torr]J^lTOJI^TT% 8 
00 1:, 30^«IL/: o COi&a-eFIBUJ: i)*StL 
fcAlaMMtvU n>Bt202fcRfi>LAIN2(hi:«:i), £ 
1 1 ?&/hAI N203 1 tt o 7t (02 (c) ) o 

[0 0 4 3] 5X10-7 [Torr]0"7 ^ y ^^glC 

i£5gL£Al?*- K-fe>-t;K^)y-v y 1053^ 
AI204^B3*f L tZo - Oil* URHEED^' (ifift v 



(6) m ffl 2 0 0 3 - 1 7 1 2 0 0 

ij n ><7V** ->^ib, AIN205, 206O'** - > {Zgtft 

206-C«*>iirv^c:fc^^o^(|g2(d)-(g))o 

[0 0 4 4] COXgOB50SFSST-0*1SSr 
8ctScfB*U AIOHBJtR$ffl£30#\ 1»t»7LtIR») 

**tAFIB(Cj: ^^SL^AIN^+^iC, AIN^<7>7rf£ 
£ 7Fi-6 A JBtt-C**rt i:**LT^i S it 

70 fc<H2(e)#JB) 0 

[0 0 4 5] ^^S«C, ScitT, NHs £7 7 y ^*fi 
1X10- 5 [Tor r]T% Ga*y? y ? ^fi5X 10" 6 [Tor r] T% 
HBfKflWfrU 0.5/imOGaN*JfcftL*:i: C*>. GaNOJ& 

[0 0 4 6] *3<7>HJfi0O-e«i. AU GaJEWi^- K 

[0 0 4 7] *S3O*JtWT*(i«l&^»^c0S|v^ 

[0 0 4 8] (»4<7)itts«) *$m<r>mv>mmm*m 

2*m^xmW1rZ>o ffei*. 2-f >^(7)^"7 r>f 7(0001) 

^«201$:. H3S04:HP04=3:ioj§ig-ei5fe^f^ 77XTC 

VD^BT% SiH4. NH3^fX«rlSfl.t LTBffcvU ^ >BI2 
02*50nmit«L/s:o 
JO [0 0 4 9] ^Of^ Mftv 'J n >«202* f it« Lfc* 
«20lSrFIBS«(l-t:'y h U Al «r100nm^Oj£§T. 2^ 
mOWPBT% BftvU ^ >202«r^(C(±K«L*v*J: ^ 
CLT«»Lf:o -tOgfe, ^«201^MBE^Btl-tr y h 

l, *«a-e4oot:, 3B*ra<7)^aof^ j&mm^mx 

Ltzo 

[0 0 5 0] ^<r>^ 1X10-9 [Torr]UTOI±^TT% 8 
00T\ 30&riMlL/: o COjgLStrFIBU «fc ^iSfllL 
fcAiaWfcv'J 3>Ri:RiELAIM203 i:4r"). S?>U« 
/J>AIN203i:io7t(ll2(c))o 
40 [0 0 5 1 ] ^Of^ 5X10- 7 [Torr]cO7^ y ^^.itl 
t£^L*:AI^;z- K-tr >-t;uov-v -y ^^H^. 10^-R 
Al 204 * HB#t L o - Olgtf tlRHEED/ n° ^ - > (iBffc v 
«j3>^->^, AIN205, 20B<O/*9->lZ%Zit 

ItSBI-CBrffiisiVSffiSraiRLfcfcc^, ^«201ii 
£:TAI N206T-a^fLT C ^ tffrfrotz ((H2(d) - 
(g))o 

[0052] Zhiz, z<nxm<offi<D&LfSix-<nmfcZ 
$mmn Aioratt^ra*. 3o^\ i»-c»tltjr 

50 i)lBLT*H*:SaiT-«*L3t:ti^, AIN205COS^ 
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tiK hhfrtttmz X *)i^mLfzA\H203i'P-i^z^ A I N 

* s H^$^^(02(e)#HB) o 
10 0 5 3] -O^fSt^ ^ItT, Ga**- K-fc >-tr^ 
^<bGatRF7'7X-7(Cj:^,?SttM^*|HIB#(C§t^L, 0. 
S^mCOGaNSrl&SL/ciC^ GaNCOfSlSlnlB^'bRHEED 

ti ^8^(7) ftPi^g t iff] o t Z 4 , 1 X 1 0-5 [1/cm* ] J-J.T 

[0 0 5 4] ^co^MCTT'li^ ^^tt^iSv^it 

[0 0 5 5] (#5O£ft01) *!§^0^5<7)^S£CT^[1I 

y-th>. T;i/^-;uT-r5fe^, 7'7X-?cvd^M 
Ct7 h L^O2(a)) 0 

[0 0 5 6] -?-<0f£, SiH* tmbilWMt LT, M'ftv 
U 3>BS202«r100nmJi»L/wo *«iaJS(i400"C, RF/< 
7-(i180Wi: L7t 0 

[0 0 5 7] -E-<0?£, Sffcy'J 3>R2Q2j&*J£«Lfc* 
«20lSrFIB^e^-tr7 h U Al £l00nmftO)££. 2 A ,m 
<0MR5T', ^fb->'J 3>202Sr^tct±jr«U^v>J: n 

[0 0 5 8] *<D^ ^£20l£MBE=gtti;-t v hU * 

ffia-t?4oot;, 3053-orR«ia<osfe, sitscftALfc, 

-e-Of*, 1X10-9 [Torr]«.T<7>E*TT% 700T^ 30^1 

'J n >^202tRC&LAIN2 0s ti»), £ <b K®'hAIN203 
fc&o£(El2(c))o 

[0 0 5 9] -e<Df£, 5X10- 7 [Torr]c0 7 9 y ? Xii: 
KSeLfcAl**- K-t>-t;K7)yt 7 ? 1053-IS] 
AI204fr.BB.it L /Co - Olg* URHEED/n* 9-> iim.it > 
i)rj/»/^->j)'6« AIN205, 2060/^? - > U^'ft 
L Tff < •! t a«WB Ztitz 0 Z WIS^T L fc|g«20 
1 £SEM-C*ffir®*i J: O-'ScEfciiS? Lfc t C 4 , &1S201 (± 

(g))o 

[0 0 6 0] £f>U, C<7)ISOmrW©|!&* T*o^«f- 
»ttffl*U AIOHB^fB#^f-. 30&\ Ifr-e&TL-CHX 
OaJLTftMfrSEMT-^L/ct C^>. AIN205O&S 
*<bJ&»i;i6FIBK J: •Mtf!iL*:AIN203£<t 5 <l>«^ AIN 

tmm ?W: (H2(e) #JB) „ 
[0 0 6 1] iO«**ffl^Tffc-frW#*#iS1I«:fEH 
L£ 0 -tl-frIiI4{C?&c»TtFiW-t-i)o >lO^«401t-, St 
ItT, Ga^^-h*-t >-t;u^'b6ai:RF7'7X-7(;J;4jg 
t£M3S£|5jB#l-(fe£&U 0.5^m?>GaN403£-)£gL*:£:.r 
AINt*&402t-t£o£®T-tof^%4037J f «SU 
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[0 0 6 2] -e<Ofi, Si 4: K-'O h t LTnffiGaN404 
£0.5,uitu lnxGa(i-x)N[0<x<1]405£50nm, Mg£ K — /« 
> h t LTpMGaN406£0.5 / /iiK KS-^ltBt U/Co 

[0 0 6 3] fWfl, tiiU FIB-CAI*Jft» 

LfcttBK i"fc:b*>, aftW*##402O«S:ao«t«^l- 

fi§ffi^M407Pfl <7) (f^tC v » TifI5 M m-C*nM6aN@404 ± "C 
x-;f^U 2^irt«O»«*ffi408£JI2j£Lrt:o tt± 
<0IST\ #* 7 X 3^5401 1!!J><b:>fc£JRi9 asfCtWf 
70 § 420 ^ mfc: yf-COVED 2 -KtcT V -f £ffcfi£-£- § (04 
(a), (b)) 0 

[0064] mwmmmx-ii.. m&$Lmmv>ft^m& 

*i'mrtZ>mz^ FIB^ffl^T^f o/ct5 5 \ "f-tbifvzm 
m~W*'*9 - > L/c±T-afb-> 3 >RSrft«i L 

±icies-f set iflio 
[oo6 5] ffw, mwrnmrnx-ii, #7^st^ 

0Hx.!fSiS«^SftKfl:Lr*M?rKfb-> , J 3> 

<7>mMm. -3iio7oox;mm<r)i&mzmz.bi\z,&mx' 

[0 0 6 6] 

[H^o^*] tl±coJ:T(c, *«wtcJ:nif, |fe«t 

zzttfx&tzo t<(c, siafe«uafk->'j3>*it« 

4rSeSL. $<bUAIS#4-tt«&-r-5-i:t?, ^fiffi=iSi* 
30 «±tze^RS«S<0AINilS:JB«:-r4ii:**-C§fco ? 
e>ic, ^<0AIN^±tzfg:^F l 1^«O^S^Sit!i;#*#: 

N^iiKMu *«/t»7rifc Lxmitm 
*mmz x zmtmj-immx* $ t, 

[HffiOfBf*^^^] 

[[HI] Hll±*»Mt:j:*ft-&!»#*»:««Ofl|jSig-C 

40 [112] B2(±*|&lflU#*>4ft#»#*«:i»ilO»lStt 
^I^5!:*tlif* •) , S2(a) liMT-*i$g a B a > 
•j3>, f^f77>f7, *'7X, iL<(±Kftv'J 
3>MSSJaofcy'j3>f|fL, H2(b)(±£« 
t^^SRMftv'J 3>it»t5IS*f L, @2(c)ti 

(w x-mn l fc**Rftib -> ') 3 xc, f 

(d) (± (c) OlgffW L tzmUZM IWM & L TA I N 
SSOSfi^Si&t-5.Cfc?-*L> 112(e) (±(c)OXg 
T*f^L^AINa5^<b«H^*^C £«t:*tLT 
50 ^T^^iajt^AIN^H^S-r^Ctf-^L, 02(f) 
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(J(e)08fffiiaTNfc *9 , 1112(g) iiAINOl£fta*iI*&«£ 

«Offi<7)*J£0!l«:^-rillT'*«9. H3(a)(±*«-C*4JMS 
J|yyn>, JMSft-^r-f 7\ #5*, *>L<<±H*ffc 
y'J n^R^lBtSofcvU n>l£S:7FU 03(b) (i 
StK^&KSfbvU 3>iJt»tSIgifL, H3 
(c) (i (b) -e** L Kffif fc mfeJRAu £ 

^■iiWi-^xet^L, 113(d) (i(c) <0 IltfWL 
fcifit ft*! L t4K S:8* $-^4 C 1 
^<0«v*«J*£E«i-£Xg*^U 03(e)li(c)OI 

LT¥ff4*l«0UAIN*efl7>*ffl:«-r*^i:S:^L. 03 
(f ) (± (e) OBrffiBJ-C* *) , 113(g) (±AI NOJ&grtSI^g 

[H4] 114 (a) o »50^ JSM ^ * tt * f 

*ft«BOWiB1ft£BL Hl4(b)(i*|&^<7)m50^MCT 
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101, 201, 301, 401 (JMSSv V =* jp.$£J| 

SW:v'J =*>*) 

102, 402 lOOnroUTOff SOAINJB 

1 03 m m*m*fr *mitT> u*m 

202, 302 mAVs 'J 3 

203 8M*AIN 

204 A I 

205, 305 AINip-fS^ifc 

10 206, 306 AINilMSJIJf , <> L < (±AIN#$£&J| 

303 AuiftltJi 

304 »«L7tAu«l 

403 GaN/1 

404 nMGaNJf 

405 InGaN/f 

406 pSGaNJl 

407 i^sms 

408 W>W,WM 
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(b) 



7x2 y F^-vOSI 

F 9 - A (##) 4G077 AA03 BE13 DA05 EA05 ED06 

EE02 EE05 EE07 EF03 HA02 

SC01 SC08 
5F041 AA39 AA40 CA34 CA40 CA64 
5F045 AA08 AA16 AB33 AC01 AC12 

ACT 5 AF03 AF09 HA04 HA06 

HA24 
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